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Respiratory complex I is an L-shaped protein, formed by a
hydrophilic and a membrane domains. The membrane domain com-
prises three large and homologous antiporter-like subunits respon-
sible for the ion translocation: NuoL, M and N. NuoL has 16 helices,
with two antiparallel repeats of 5 TM each (half-channels). These
repeats are characteristic of secondary transporters. Although the
proton has been accepted as the coupling ion in complex I, recently
we also observed Na+ transport by some bacterial complexes, in a
Na+/H+ antiporter manner. This raised new questions regarding the
ion transport in complex I. In this work, our goal is to characterize
the structural changes occurring at the membrane subunits of com-
plex I upon ion transport. The expression of different constructs
carrying the two NuoL's repeats was optimized in Escherichia coli
expression system. The constructs were designed with different tags
to aid protein expression assessment and protein puriﬁcation. The
dynamics of the antiporter-like subunit will be studied by different
biophysical techniques.
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Complex I is the ﬁrst enzyme in the respiratory chain and
pumps protons by a yet unknown mechanism. The three largest
membrane subunits of the complex are homologous to each
other, and also to the two largest subunits of a Na+/H+
antiporter, Mrp. Those ﬁve polypeptides form two distinct
phylogenetic clusters [1], and a functional differentiation was
observed in our model system. A Bacillus subtilis strain deleted for
one of the antiporter subunits, MrpA or D, was grown in high salt
concentration and was given one of the complex I subunits on a
plasmid. We saw that the complex I subunit NuoL could restore
the growth in the ΔmrpA strain, whereas NuoN could do the
same in the ΔmrpD strain, but not vice versa. We also showed
that the seen growth defects of the deletion strains indeed arose
from sodium accumulation, measured by 23Na NMR [2], con-
ﬁrming a difference in function between the MrpA-like and the
MrpD-like subunits. One simple explanation is that MrpA and
MrpD are single ion channels, which form an antiporter together
[3,4]. To investigate the relationship between the polypeptides,
four residues conserved only in NuoL and MrpA were chosen
(NuoL: K229A, T257A, M258I, V259L; MrpA: H221A, T224A,
M225I, V226L). They lie in the NuoL transmembrane helix 8,
which is close to the broken helix 7 and might be important for
proton translocation [5]. Two residues that are conserved in all
ﬁve antiporter subunits were also mutated (NuoL: E144Q, K229A;
MrpA: E113Q, K196A). All NuoL mutants had a moderate decrease
in sodium pumping abilities and three mutants (M, V, E) had an
increased lag-phase during growth. Two mutants in MrpA (H, M)
showed high intracellular sodium levels and an increased lag-
phase, whereas three mutants (V, E, K) had lower sodium inside
the cells than our positive control. By combining the two methods
we pinpointed mutants with interesting phenotypes and found
functional differences between the homologous subunits NuoL and
MrpA.
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The NADH:ubiquinone oxidoreductase, respiratory complex I,
couples the electron transfer from NADH to ubiquinone with the
translocation of protons across the membrane. The complex consists
of a peripheral arm catalyzing the redox reaction and a membrane
arm performing proton translocation. The complex contains a unique
horizontal helix aligning almost the entire membrane arm, which is
probably involved in transmitting conformational changes induced
by the redox reaction to drive proton translocation [1]. We reported
that subunit NuoL containing the horizontal helix is essential for
the translocation of two protons [2], that the C-terminal part of the
helix is essential for the function of NuoL [2] and that a conserved
aspartate on the horizontal helix is involved in transferring one
proton to one of the proton channels within the membrane arm [3].
In addition, we analyzed a possible movement of the helix by
cysteine-scanning. The accessibility of the cysteine residues intro-
duced and the ﬂexibility of individual positions were determined
by labeling the preparations with a ﬂuorescent marker and a spin-
probe, respectively, in the oxidized and the reduced state of the
complex. The degree of ﬂuorescence labeling and the EPR data show
slight conformational changes at distinct positions of the helix
but not a large movement of the entire helix.
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